Abstract: Overall, a power-flow study is a steady-state assessment whose goal is to specify the currents, voltages, and real and reactive flows in a power system under a given load conditions. This paper presents a comparison of common power flow techniques in the Tehran metro power distribution system at the presence of non-linear loads. Moreover, a modelling, simulation and analysis of this power distribution system is implemented with the Electrical Transient Analyser Program (ETAP) software. In this assessment, common power flow techniques including the Newton-Raphson (NR), Fast Decoupled (FD), and Accelerated Gauss-Seidel (AGS) techniques are provided and compared. The obtained results (total generation, loading, demand, system losses, and critical report of the power flow) are analysed. In this paper, we focus on the detailed assessment and monitoring by using the most modern ETAP software, which performs numerical calculations of a large integrated power system with fabulous speed and also generates output reports. The capability and effectiveness of the power flow analysis are demonstrated according to the simulation results obtained with ETAP by applying it to the power distribution system of the Tehran metro. In developing countries such as Iran, off-line modelling and simulation of power grids by a powerful software are beneficial and helpful for the best usage of the electrical energy.
INTRODUCTION 1.Background
The purpose of power flow studies is to plan ahead and account for various hypothetical situations. For instance, if a transmission line is to be taken off line for maintenance, the question is whether the remaining lines in the system can handle the required loads without exceeding their rated values. Power flow is one of the most important tools utilized by electrical experts for the design, planning, control, and analysis needed to determine and specify the best operation for power distribution systems and the exchange of power between utility companies. In the past few years, electrical engineers have been dealing with power system studies by using new software tools. Recent advances in electrical engineering sciences have brought a revolution in the field of electrical engineering after the development of powerful computer-based software [1] [2] [3] [4] . A load flow assessment method might take a long time, and hence prevent the achievement of an accurate result for a power flow solution due to continuous changes in power generation and demand. The essential data achieved from a load flow study is the magnitude and phase angle of the voltage at every feeder and bus, and the real and reactive power flowing in every line [5, 6] . Commercial power systems are usually too complex to allow handling solutions for the power flow. Large-scale digital computers have replaced analogous methods with numerical solutions. Moreover, in order for the power flow study to function, computer programs perform related calculations such as short-circuit fault assessment, stability studies with a focus on the transient and steady-state, unit commitment and economic dispatch [7] . Maintaining a high level of system security is one of the more important aspects of power systems that should be noted, as well as the economic operation of these systems [8, 9] .
Literature Review
In recent years, many researchers have proposed different approaches for the analysis, simulation and modelling in power systems and metro structures. Some recently published papers and literature reviews can be found in [10] [11] [12] [13] [14] ; the most important factors of metro tunnel safety and the importance of safety and security needed to enable the existence of more comfortable services in metro tunnel and subway stations is explained in [15] ; in the reference [16] , the criteria and rules for the design of a metro path are discussed; in the paper [17] , the authors presented a review of a probabilistic load flow in power systems; the reference [18] deals with the analytical methodology for the assessment of a smart monitoring impact on a future electric power distribution system. In the papers [19, 20] , new prediction model based on a new feature selection and hybrid prediction engine are introduced.
The Newton-Raphson (NR) power flow, with a consideration of the fuzzy load and in the presence of distributed generations in a distribution network, is presented in [21] . The paper [22] uses a new algorithm for the optimal sizing and sitting of distributed generation in a power system. The summary explanation of the nonlinear of load flow problems is described in the reference [23] . The references [24, 25] propose a novel method to deal with energy minimization; and finally in the paper [26] , wavelet decomposition combined with an adaptive neuro-fuzzy inference system is used for short-term wind power forecasting. In the reference [27] , by using a modified breadth-first search strategy, the improvement of a backward/forward sweep load-flow approach is presented. The goal of the paper [28] is to specify the optimal grid switching condition of minimum losses, with the precondition of keeping the stable voltages on all buses.
Motivation and Main Contribution
In this paper, the research team focuses on the effective usage of the ETAP software for the load flow assessment and modelling of the electrical power network of the Tehran metro. The results comprise large power distribution systems emanating from high voltage (H.V.), medium voltage (M.V.), and low voltage (L.V.) networks, equipment and loads; the data used for the assessment objective are in the form of one line diagrams of the complete and actual power grid of the Tehran metro starting from HVS and the power transformer at the grid up to the loads. The ratings of all components of the power system network are taken as they actually exist. Moreover, the transformers, load switch (L.S.) and circuit breakers (C.B.), conductor's cables, distribution system and DC components are also simulated according to the actual ratings by the ETAP, and this innovative concept deals with 63 kV, 20 kV, 0.75 kV and 0.4 kV network simulations with the ETAP software.
Paper Structure
The remainder of this paper is organized as follows: Section 2 introduces the fundamental theories of the proposed method. Section 3 describes a case study analysis approach to the power distribution system of the Tehran metro in detail. In Section 4, the prediction results are given. The conclusions are presented in Section 5.
MATERIALS AND METHOD
In this section, three common power flow methods are explained.
Bus Classifications
According to the references [29] [30] [31] [32] , the feeder bus is a point or node where one or several generators, transmission lines, and loads are connected. It can be said that generally, in every power system analysis, each feeder bus is associated with four quantities: active power (P), reactive power (Q), voltage magnitude (|V|), and voltage phase angle (δ). Furthermore, feeders are divided into three categories: 1) slack bus, 2) generator (PV) bus, and 3) load (PQ) bus. Those three categories are shown in Tab. 1. 
Power Flow Calculation Methods
In the last few decades, for solving load flow analysis problems, several numerical assessment methods have been proposed. It can be said that the most commonly used iterative methods are the Gauss-Seidel (GS), the FastDecoupled (FD), and the FD methods [5, 33] . According to the reference [5] , when performing load flow assessment, the first step is to form the Y-bus admittance using the transmission line and the transformer input data. The nodal formula for a study of the power system network using the Y-bus can be given as follows:
The nodal formula can be expressed in a generalized form for a n bus system as follows:
And the complex power and the current delivered to bus i are given by the following formula:
Replacing for I i in terms of P i and Q i , the following formula is given as:
On the other hand, according to the reference [34] , a complex power injection of the system is given by the following formula:
where in the Eqs. (6) and (7): k = 1, 2,…, n; i = 1, 2,…, n. Similarly, the phasor of current injections is given by the following formula:
where:
Breaking down the complexity of power flow formulation into real and imaginary parts is given by the following formula:
These Eqs. (11), (12) , and (13) utilize iterative techniques to solve power flow problems. Therefore, they are necessary to review the general forms of these various solution methods: NR, FD and Accelerated Gauss-Seidel (AGS) power flow.
Newton-Raphson Method
The NR method iteratively solves and formulates the following power flow equation:
where in the Eq. (14), J1, J2, J3 and J4 are the Jacobean matrix elements. P and Q are the specified feeder real and reactive power mismatch vectors between the calculated value and the specified value, respectively; ΔV and Δδ represent the voltage magnitude of the feeder bus and angle vectors in an incremental form; besides, the elements from J1 to J4 are named Jacobean matrices [30, 32, 35, 36] .
Fast-Decoupled Method
The FD method originated from the NR method. It takes in the fact that a small variation in the voltage magnitude of the feeder bus does not extremely change the real power at the feeder bus, and also, for a small variation in the phase angle of the feeder bus voltage, the reactive power does not vary too much. Therefore, the equation of the power flow from the NR method can be simplified into two separate decoupled sets of power formulas, which according to the references [30, 32, 35, 36] can be solved iteratively:
It can be said that compared to the N-R method, the FD method reduces the storage of computer memory by almost half. It also solves the power flow formulas by taking substantially less computer time than that required by the NR method, due to the fact that Jacobean matrices are constant [30, 32, 35, 36] .
Accelerated Gauss-Seidel Method
Based on the equation of the system nodal voltage:
The AGS method derives the following power flow formula and solves it iteratively:
where in the Eq. (17) 
CASE STUDY
According to the reference [37] , the line 2 of the Tehran metro is supplied from three high voltage substations (HVS) and consists of 154 main feeders. All HVSs in the power network of the Tehran metro comprise 63/20 kV and a gas insulated substation (GIS) type. Each station of the Tehran metro has two lighting and power substations (LPS). The LPSs supply electric power for the equipment and loads. The LPS is located at each substation platform. The rectifier substation (RS) converts AC to DC power to supply electrical energy for the traction motors of trains. Most stations on line 2 of the Tehran metro have one RS. Each RS is capable to convert 20 kV (AC) to 750 V (DC) using diode rectifiers. A single line diagram of the Tehran metro power distribution system in the form of ETAP is displayed in Fig. 1 .
As shown in Fig. 1 , HVSs are located at the top, LPSs and loads at the middle, and RSs and loads at the bottom. According to the monthly report (August 2017) from the Tehran metro power distribution unit, the total consumption for LPSs and RSs (active and reactive) are measured, and that informational data are presented in Tab. 2 and Tab. 3, respectively. For the implementation of this simulation, the values used to compare the three methods of load flow are shown in Tab. 4. 
RESULTS AND ANALYSIS OF THE POWER FLOW
Tab. 5 shows the summary report of branch losses (Max. Loading) in the power distribution grid of the line 2 of the Tehran metro. As it can be seen from Tab. 5, the results of all three methods are very close together.
As it can be seen, the results of these three load flow methods are almost exactly the same; hence, due to the similarity of the results in each of the three load flow simulations, the critical reports of the NR load flow are illustrated in Fig. 2 and 3 respectively. Fig. 2 shows the amount of under voltage (kV) in different distribution transformers. Fig. 3 shows the percentage of overload on transformers. The marginal and critical voltage drop and overload standard set by utility are 2% and 5% respectively, and here they are significantly violated. The summary of the total generation, loading and demand for the maximum loading of the case study are shown in Tab. 6. 
CONCLUSION
In this paper, a case study of the modelling, simulation and power flow analysis of the actual power distribution system of the Tehran metro (Line 2) in the presence of nonlinear loads by using the ETAP was implemented.
Furthermore, a comparison of three common power flow techniques was presented. The theoretical and practical approaches of load flow have been learned, compared, and applied to solve the given tasks. The results of power flow assessment (total generation, loading, demand, and power losses) were obtained and analysed. The numerical methods of the power flow (Newton-Raphson, Fast-Decoupled, and Accelerated-Gauss-Seidel) were compared. Moreover, a power flow based simulation using the ETAP were developed to find the optimum location of the distribution system unit for a load profile improvement and the minimization of power losses in the test distribution system. By using a powerful software such as ETAP for speed performance and computational accuracy is very practical and helpful, and it also offers a better view of the power network for analysis. In a developing country such as Iran, it is highly beneficial that off-line modelling includes the active and reactive power flows, current flow in every branch, PF correction, reliability analysis, etc. of a large electrical power system. Additionally, understanding the best way of the power flow is economical, and therefore it can be a hot topic for future studies of the power distribution system. 
Nomenclature

AC
Alternating current
